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Antonietta D’Antuono’ and R-oberto Cevenini’ 
Institutes of lMicrobiology and 2Dermatology, University of Bologna, Bologna, Italy 
Objective: The purpose of the present study was to evaluate an in  vitro DNA amplification assay named the ligase chain 
reaction (LCR) for the detection of Chlamydia trachomatis cryptic plasmid DNA in urine from men and women, in 
comparison with urethral swab culture in men and cervical swab culture in  women. 
Methods: 591 patients (394 men with urethritis and 197 female sex partners) attending a center for sexually transmitted 
diseases in northern Italy between January 1994 and January 1995 were enrolled in  this study. A cervical swab was 
collected from women and a urethral swab from men for standard tissue cell culture. From each patient 20 mL of the 
first stream of the urine (FVU), taken at least 2 h after the last urination, were collected for LCR analysis. Discrepant 
results were further analyzed by direct fluorescence and a LCR with alternative primers. 
Results: In men the prevalence of C. trachomatis infection by urethral culture was 13.45% and, after resolution of 
discordant results, the LCR method performed on FVU showed a sensitivity, specificity, positive predictive value and 
negative predictive value of 89.4%0, loo%, 100% and 98.2%, respectively; the sensitivity of tissue cell culture was 92.8%. 
In female sex partners, the prevalence of C. trachomatis infection by cervical culture was 3.04%; LCR detected eight true 
positive samples, two more than tissue cell culture, and no false-negative results. 
Conclusion: LCR analysis of FVU is a rapid, non-invasive technique and represents a good alternative to  tissue cell 
culture. Further study is needed to  investigate possible LCR inhibitors present in urine samples. 
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INTRODUCTION 
Clzlui?iydiu tracizornutis infection of the lower genito- 
urinary tract is currently detected by examination of 
female endocervical swabs and male endourethral 
swabs. Because swabbing of urethral or cervical sites is 
painful or uncomfortable for patients and a time- 
consuming and expensive procedure, attempts have 
been made to develop a C. trachomatis test on urine 
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specimens. Tissue cell culture, enzyme immunoassay 
(EIA) and direct fluorescent-antibody immunoassay 
(DIF) have been used on first-void urine (FVU) to 
detect C. truchomatis antigen. Different results have been 
obtained but the sensitivities of these tests remain 
relatively low, especially in women and in 
asymptomatic men [l-41. 
Recently, nucleic acid amplification technology 
using the polymerase chain reaction (PCR) or the 
ligase chain reaction (LCR) has been used with FVU 
from men [5] and women 161 for detection of C. 
truchomutir. Here we present the results of an evaluation 
in 591 patients of the LCR for the detection of C. 
trachomatis in male and female urine samples, in 
comparison with urethral swab culture in men and 
cervical swab culture in women. 
123 
1 2 4  Cl in ica l  M i c r o b i o l o g y  and  In fec t i on ,  Vo lume 2 Number  2 ,  October  1996  
MATERIALS AND METHODS 
Patients and specimens 
From January 1994 to January 1995, 394 men and 197 
women were enrolled in this study. The men, attending 
the hospital's STD clinics, presented with features 
broadly grouped as 'urethritis' (dysuria, or urethral 
discharge, or a Gram-stained smear showing four or 
more polymorphonuclear lymphocytes per niicro- 
scopic field at x 1000 magnification); the severity of the 
symptoms was variable. The women were sexual 
partners of the males with urethritis and a high propor- 
tion were asymptomatic. The patients were eligible if 
they had not urinated during the previous 2 h and had 
not received antibiotics during the 2 weeks before 
examination. 
Up to 20 mL of the first stream of the urine were 
collected in sterile plastic containers without preserva- 
tive. Urine samples were immediately transported to 
the laboratory and stored at -80 "C before processing 
(up to 2 weeks). Male urethral and female cervical 
cotton swabs for culture were placed in transport 
medium (2SP) [7], transported to the laboratory a t  4 "C 
and set up in cell culture within 24 h. If testing was to 
be delayed, the samples were stored at -80 "C. The 
remaining culture specimens were then frozen at 
-80 "C in case they were needed for further tests. 
Tissue cell culture isolation 
Tissue cell culture was performed in the vast majority 
of cases within a few hours of sample collection. 
McCoy cell monolayers treated with cycloheximide 
and fluorescein-labeled species-specific monoclonal 
antibodies were used as previously described [8] .  All 
cultures giving negative results were passaged into a 
fresh cell monolayer. 
LCR assay 
FVU were tested by LCR (LCx Chlamydia; Abbott, 
Chicago, IL) according to the manufacturer's instruc- 
tions. A brief description follow. Urine samples were 
vortexed for 1 min and 1 mL was transferred and 
centrifuged at 13,OOOg for 10 min. The supernatant was 
removed, and the pellet was resuspended in 1 niL of 
urine resuspension buffer and heated to 95°C for 
15 min. After cooling, 100 pL of the suspension were 
transferred to a unit-dose amplification vial containing 
100 pL of LCR mixture (four oligonucleotide probes, 
thermostable DNA ligase, thermostable DNA poly- 
merase, deoxynucleoside triphosphates, and cofactors 
in a pH 7.8 buffer). The target was a DNA segment of 
the multicopy plasmid that is common to all strains of 
C. truchomatis. 
Amplification was effected by the following 
protocols: 40 cycles of 1 s at 97 "C, 1 s at 55 "C, and 50 s 
at 62 "C. The amplified products were finally processed 
and assessed with an LCx analyzer (Abbott Labora- 
tories). The LCR results were expressed as counts per 
second, with positive results defined as a value equal to 
or greater than the product of the mean o i  the two 
positive calibrator values multiplied by 0.45. The whole 
testing procedure by LCx requires about 4 h for a 
maximum of 18 samples and six controls (two positive, 
two negative and two calibrators) per instrument. 
Resolution of discordant results 
Samples that were culture negative/LCR positive were 
further assayed by two methods. The first was a direct 
immunofluorescence test (DIF) on the cytospiii sedi- 
ment of the remainder of the cell culture transport 
medium. The medium was centrifuged at 11,000 rev/ 
min for 10 min, and the sediment was resuspended and 
placed on glass slides, air-dried, fixed with methanol, 
and stained with species-specific monoclonal antibody 
(Micro Track; Syva, Palo Alto, CA). DIF was con- 
sidered positive in the presence of two or more 
elementary bodies (EBs) per slide. In addition, a second 
LCR assay on FVU samples, employing primers target- 
ing the major outer-membrane protein gene (MOMP- 
LCR), was performed at Abbott facilities in North 
Chicago (Illinois, USA). 
Patients were considered 'true positive' on the basis 
of a positive culture or positive LCR result confirmed 
by DIF or MOMP-LCR [9,10]. Samples that were 
culture positive/LCR negative were further analyzed 
by repeated LCR with undiluted FVU and with FVU 
diluted to 1 : 10 with the urine buffer. These tests were 
done to assess the presence of inhibitors in the urine 
samples and used the same plasmid primers as the 
original test. However, the original negative LCR 
result was considered a false-negative outcome, and the 
result of this further analysis did not change the 
evaluation. 
Statistical evaluation 
The sensitivity and specificity were calculated for the 
LCR and tissue cell culture by 2 x 2 contingency tables 
after applying the discordancy protocols. Prevalence 
rates were compared by chi-square. 
Table 1 summarizes the results obtained in men. The 
prevalence of C. tvachamutis infection by urethral culture 
was 13.45%. Four cases were culture negative/LCR 
positive. Supplementary testing of these discordant 
results yielded a positive result by DIF and MOMP- 
LCR in one sample, while three samples were reactive 
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Table 1 Comparison of results obtained by LCK assay of 
first-void urine (FVU) and by tissue cell culture of urethral 
swabs from 394 men 
Urethral swab culture 
Positive Negative 
LCK FVU 
Positive 47 
Negative 6 
43 
337 
'414 confirmed poritive: 1 case by DIF and MOMP-LCK, 3 cases 
ordy by MOMP-LCR. 
only by MOMP-LCR. Six samples were culture 
positive but LCK negative. These FVU specimens were 
reassayed by LCR and the results remained the same. 
One sample tested positive by LCR after dilution of 
the original specimens. The sensitivity, specificity, 
positive predictive value and negative predictive value 
for LCK in men were: 89.4%, 100%, 100%) and 
98.2% respectively. By comparison, the sensitivity, 
specificity, positive predictive value and negative pre- 
dictive value for tissue culture were: 92.9%, loo%, 
100% and 98.8%. 
Table 2 summarizes the results obtained in women. 
The prevalence of C. trachomatis infection by cervical 
culture was 3.04%. The significant difference 
(p<O.OOI)  in prevalence rates between inen and 
women is due to the fact that the majority of our 
female population was asymptomatic. We did not test 
urethral swab cultures from female sex partners and 
therefore the true prevalence of chlamydia1 infection 
could be underestimated. Among 19'7 female sex 
partners, we found a positive result both with LCR and 
culture in six cases. An additional two women were 
positive by LCR but negative by culture. These two 
discrepant results were confirmed as true positives by 
the MOMP-LCR; in these two cases the DIF was 
negative. 
After revision of discrepant results, the prevalence 
of C. tvuchomatis infection in female sex partners by 
LCR analysis of FVU was 4.06%. The prevalence of 
Table 2 
first-void urine (FVU) and by tissue cell culture of cervical 
swabs from 3 97 women 
Comparison of results obtained by LCR assay on 
Cervical swab culture 
Positive Negative 
LCR FVU 
Positive 
Negative 
6 
0 
2' 
189 
'2/2 confirmed positive only by MOMP-LCR 
chlamydia1 infection was so low (3.04 by culture and 
4.06 by LCK) that we were not able to assess the 
performance of the LCR on FVU. 
All the eight women with positive LCR result on 
FVU were sexual partners of men positive by LCR. 
DISCUSSION 
We performed a premarketing evaluation of a new 
clinical amplification assay for the detection of C. 
trachomatis in FVU samples from men and women. 
From an operative standpoint, the LCR assay proved to 
be rapid and simple to use, requiring only a few manual 
steps with automated processing of the amplified 
samples. Employing strict guidelines for specimen flow, 
isolation and routine cleaning, we did not experience 
any contaniination of samples or instruments during 
the 12 months of testing. 
The comparative assessment of LCR and tissue cell 
culture revealed 12 samples with discordant results. Six 
patients, four men and two women, were culture 
negative/LCR positive. Supplementary testing con- 
firmed that the six patients were true positives: one case 
was confirmed as positive by the DIF and MOMP- 
LCR, and five cases only by the MOMP-LCR. Six 
male patients were culture positive/LCR negative. The 
six strains of C. trachomatis isolated from these patients 
were amplified by LCR, ruling out the possibility of 
the presence of DNA mutations or the possibility that 
these isolates lacked the cryptic plasmid. Kepeat LCR 
testing also achieved negative results but one specimen 
became positive after a dilution to 1 : 10 of the original 
specimen indicating that the original LCR assay was 
inhibited by a substance that is rendered ineffective by 
dilution. Culture-positive specimens that were negative 
by LCR were shown to have one to five inclusions per 
slide. 
Sample inhibition of P C R  or LCR has been 
reported in other studies. Van Doornum et al. 1111 
found that not all women with a confirmed LCR- 
positive cervical specimen gave positive results on 
analysis of urine by LCR; they also found four men 
with a positive culture of the urethral swab but a 
negative FVU by LCR. Lee et al. [12] suggested the 
possibility of an inhibition rate of 5.6% for LCR 
performed on FVU in women. According to Schachter 
et al. [33] the cervical swabs that are culture positive but 
LCR negative may reflect either the presence of 
inhibitors in the sample or possibly sampling variation. 
Bauwens et al. [14] reported specimens changing from 
PCR negative to positive after J. few days of storage 
at -20"C, and suggested that some specimens may 
contain inhibitors that are destroyed with storage. Bass 
et al. [15] and Bauwens et al. [14j reported P C R  
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negative results that became positive after phenol/ 
chloroform extraction of DNA. 
LCR analysis of FVU is a rapid and non-invasive 
technique for diagnosing lower genitourinary tract 
infections due to C. truchornutis. Our results show that 
although the LCR test failed to detect six culture- 
positive specimens, it identified six true positive 
speciniens that culture failed to detect. 
Further studies with a larger number of discordant 
results will be required to elucidate the nature of-LCR 
inhibitors. The possibility of a pretreatment step to 
remove inhibitors and/or an internal LCR control to 
identify specimens that may be falsely negative should 
improve the performance of LCR. 
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